Introduction
============

Over the years, there have been significant developments in knowledge of and approach to pain management. Particularly as related to the treatment of chronic pain, it has been well established and documented in the literature that a multidisciplinary approach with an emphasis on psychosocial and movement interventions is associated with improved outcomes.[@b1-prom-9-049],[@b2-prom-9-049]

Acute pain in the postoperative period presents a significant challenge, with potentially devastating long-term effects if pain is poorly managed. Severe postoperative pain can lead to decreased alveolar ventilation, atelectasis, and possible pulmonary consolidation.[@b3-prom-9-049] In addition, there are other systemic adverse effects, including tachycardia, hypertension, insomnia, and impaired wound healing.[@b3-prom-9-049] Poorly treated acute postoperative pain also increases the risk of developing chronic pain after surgery.[@b4-prom-9-049]

Chronic postsurgical pain (CPSP) is defined as pain experienced due to a surgical procedure that persists beyond the expected time frame of recovery and cannot be explained by other biological causes, including a preexisting chronic pain disorder.[@b5-prom-9-049],[@b6-prom-9-049] CPSP develops much more commonly than expected, and its incidence has been reported to be between 10% and 70% of patients depending on surgery type.[@b4-prom-9-049],[@b7-prom-9-049] Many types of intraoperative and biopsychosocial factors play a role in the development of CPSP, including the type of surgery performed. Tissue or nerve damage as a result of surgical incisions is often unavoidable in most major surgical procedures, but a significant proportion of these cases do not heal within the time that acute PSP is expected to resolve (2--3 months postsurgery). In the aftermath of surgery, pain that was once a symptom of inflammation, neuropathy, or tissue healing becomes unremitting and pathological. Genetic predisposition[@b8-prom-9-049] and insidious processes, such as peripheral and central sensitization,[@b9-prom-9-049] constitute the biological mechanisms by which CPSP is thought to manifest. Other risk factors that can explain the transition from acute PSP to CPSP include psychological, environmental, and social factors. Specifically, such characteristics as fear-avoidance beliefs and catastrophic thinking, as well as psychiatric symptoms, including depression, anxiety, and posttraumatic stress, have been increasingly linked to the development of CPSP.[@b4-prom-9-049],[@b10-prom-9-049],[@b11-prom-9-049] The impact of CPSP is pervasive, causing significant suffering, global distress, and physical disability, which only add to the growing health care burden.

In the area of chronic pain management, psychological interventions have been shown to be effective in reducing psychological symptoms, disability, and even pain. Over time, there has been extensive research on hypnosis as a complementary technique in the management of PSP. The most recent meta-analysis in 2013 revealed positive treatment effects for pain, emotional distress, medication consumption, and recovery.[@b12-prom-9-049] For this reason, we endeavored to focus our systematic search on standardized psychotherapy and mindfulness-based protocols, as these have been less commonly explored in the context of PSP. Cognitive behavioral therapy (CBT) is one of the most common psychological interventions for pain management, and utilizes the concept that thoughts/cognitive processes, emotions, and behaviors are interconnected, and adaptive ways of thinking, feeling, and behaving can be achieved to help patients cope with chronic pain.[@b13-prom-9-049] CBT is linked with not only improvement in pain intensity but also mood and catastrophic thinking.[@b14-prom-9-049] Moreover, there is evidence for the effectiveness of CBT for specific pain conditions, including back pain, headache, and fibromyalgia.[@b15-prom-9-049] A recent meta-analysis demonstrated that mindfulness-meditation-based interventions are associated with decreases in pain intensity.[@b2-prom-9-049] Acceptance and commitment therapy (ACT) is a relatively newer psychological intervention being implemented in the chronic pain health care setting. ACT is based on behavioral principles and the psychological flexibility model,[@b16-prom-9-049] and unlike CBT, it does not emphasize the restructuring of distorted or catastrophic cognitions. When used as an adjunctive therapy in pain management, ACT fosters the possibility of improved pain acceptance,[@b17-prom-9-049] which can have important implications for adaptive recovery in postsurgical patients.

It is becoming more evident that behavioral interventions can serve as adjuncts to medical strategies to support the overall well-being of postsurgical patients.[@b18-prom-9-049] Given what is known about the development of CPSP and the promising evidence for psychological interventions in the treatment of chronic pain, there is likely a role for psychological interventions in preparation for surgery or during the recovery phase, when pain has yet to become pathological.[@b18-prom-9-049],[@b19-prom-9-049]

The literature on the effectiveness of perioperative psychosocial interventions is quite limited. Additionally, it is unclear from the literature whether patients with specific characteristics and risk factors or undergoing specific surgeries may benefit more from early psychosocial intervention than in other situations. This systematic review seeks to assess and summarize the available evidence for psychological interventions on pain-related outcomes of surgery.

Materials and methods
=====================

Search strategy
---------------

Based on PRISMA guidelines,[@b20-prom-9-049] we searched the Medline (1946--February 24, 2017), Medline in Process (February 24, 2017), Embase and Embase Classic (1947--February 24, 2017), and PsycInfo (1806--February 24, 2017) databases using a combination of mapped medical subject-heading (MeSH) terms and keywords to identify all randomized controlled trials (RCTs) that evaluated the impact of specific psychological interventions on PSP outcomes. Our search terms focused on constructs of psychological interventions (eg, cognitive therapy, mindfulness, and ACT), pain (eg, chronic pain, back pain, central nervous system, and pain), and the postsurgical period (eg, post-operative). Our search strategy ([Table S1](#SD1-ijn-8-2589){ref-type="supplementary-material"}) was designed in collaboration with an experienced research librarian (ME). Additional articles were identified through a hand search of relevant bibliographies.

Selection of papers
-------------------

After removal of duplicates, two authors (JN and MAA) independently reviewed all titles and abstracts to identify papers that met our systematic review eligibility criteria: psychological intervention of CBT, ACT, or mindfulness-based psychotherapy; intervention initiating either prior to surgery or up to 2 months postsurgery; outcome of acute or CPSP; adult (aged ≥18 years) population; RCT study design; original research study; and published in English language. We excluded all secondary literature (eg, reviews and commentaries), non-peer-reviewed articles (eg, theses), and conference proceedings. All discrepancies were resolved via consensus. Following a manual search of relevant bibliographies to identify additional references that met our inclusion criteria, all remaining abstracts were forwarded for full-text review. Two authors (JN and MAA) independently reviewed full-text articles for inclusion on the basis of selection criteria, and remaining discrepancies were resolved via consensus.

Bias-risk assessment
--------------------

To assess the risk of bias in each study that met inclusion criteria, two raters (MAA and LCB) independently employed the Cochrane risk-of-bias assessment tool[@b21-prom-9-049] to assess the degree of selection bias at the study level and performance and detection bias, attrition bias, and reporting bias at the outcome level. Each component was evaluated as indicating high, low, or unclear risk of bias according to Cochrane criteria.[@b21-prom-9-049] Any discrepancies in bias-risk ratings were resolved by an independent third rater (JN). An overview of bias risk across included papers is presented in [Table 1](#t1-prom-9-049){ref-type="table"}.

Data abstraction and synthesis
------------------------------

We used standardized data-abstraction forms to capture consistent data among raters. Three authors (JN, MAA, and LCB) independently abstracted data from each article, and any discrepancies in data capture were resolved via consensus. For all included papers, we extracted summary data on study characteristics, including citation, country, surgical population, sample size, age, sex, intervention and comparison arms, outcome definitions ([Table 2](#t2-prom-9-049){ref-type="table"}), and specific results data, including analysis type (intent to treat \[ITT\] vs completers), timing of intervention, statistical analyses used, adjusted covariates, assessment time points, and key results ([Table 3](#t3-prom-9-049){ref-type="table"}). Due to heterogeneity in interventions, statistical analyses, follow-up periods, and outcomes assessed, we were unable to undertake a quantitative meta-analysis.

Results
=======

Literature-search results
-------------------------

We identified 521 nonduplicate citations from our mapped search and an additional five citations through bibliography mining ([Figure 1](#f1-prom-9-049){ref-type="fig"}). Following title and abstract review, 510 articles were assessed and excluded for failure to meet eligibility criteria. Of the 16 articles forwarded for full-text review, an additional ten were excluded: five were not RCTs, one was not an intervention study, two failed to assess pain-related outcomes, one did not qualify as an intervention for PSP, and one was not based on an adult population. Overall, five studies met our inclusion criteria and were synthesized in this review. Risk-of-bias ratings for each study are presented in [Table 1](#t1-prom-9-049){ref-type="table"}.

Overview of papers
------------------

We identified six papers[@b22-prom-9-049]--[@b27-prom-9-049] based on five RCTs that assessed the impact of perioperative psychological interventions on PSP outcomes. Characteristics of included papers are summarized in [Table 2](#t2-prom-9-049){ref-type="table"} and extracted results displayed in [Table 3](#t3-prom-9-049){ref-type="table"}.

### Risk-of-bias assessment

Consensus ratings for risk of bias according to Cochrane criteria are shown in [Table 1](#t1-prom-9-049){ref-type="table"}. In general, randomization and concealment of allocation were conducted well across trials, but the obvious nature of receiving psychological interventions posed a methodological challenge that precluded participant blinding to study arms across trials (T1--T6) and limited researcher blinding to study arms in five of six papers (T1 and T3--T6). The self-report nature of most outcomes in these papers made detection bias a related and inherent challenge. One paper (T4) partially overcame these expectation-related challenges by informing participants that they would be allocated to one of two common rehabilitation approaches whose efficacy had not yet been established. It is unclear whether researchers from other papers described their studies as superiority trials. Risks of bias in attrition in reporting were generally low across papers, with balanced losses to follow-up between study arms (in terms of both numbers and reasons for attrition) and comprehensive reporting of both significant and nonsignificant findings among all included papers. Published protocols were available for two of the five trials (T2 on [ClinicalTrials.gov](http://ClinicalTrials.gov); T5/T6 on the ISRCTN registry), allowing verification of an a priori approach to data analysis and outcome reporting. Based on these registry data, it was apparent that T5 (a secondary analysis of T6) misreported their secondary outcome of acute postoperative pain as a primary outcome. Given that we did not require pain-related outcomes to be primary, this finding did not affect the study's inclusion in the systematic review.

### Context

Included trials were conducted in Sweden (T1), the US (T2 and T3), Italy (T4), and Denmark (T5 and T6), with sample sizes of 53--130 and males comprising 19%--83% of study samples. In terms of surgical populations, five studies included back-surgery patients (T1, T2, and T4--T6). Specifically, T1 and T4--T6 included patients who underwent spinal fusion and T2 included patients who underwent laminectomy surgery. One study included cardiac-surgery patients with comorbid major or minor depression (T3) ([Table 2](#t2-prom-9-049){ref-type="table"}). Papers T1 and T2 specifically included (as part of the inclusion criteria) patients who experienced preexisting back pain or lower-extremity pain (sciatica). Papers T3, T5, and T6 included patients with spinal pathology whether or not there was preexisting back or lower-extremity pain and commented on the incidence of these in their study populations. T3 made no comment on the presence of preexisting chronic pain.

### Interventions

For psychological interventions, four papers based on three RCTs used a CBT approach (T3--T6) and two used CBT integrated with physical therapy (T1 and T2). No RCTs that assessed ACT or mindfulness-based interventions on pain-related outcomes were found. Interventions were delivered postoperatively in four of the six studies (T1--T4), preoperatively in one study (T5), and both pre- and postoperatively in another research article based on the same RCT study (T6). Duration and delivery of psychotherapy interventions varied substantially among studies, ranging from three to eight sessions, from 30 minutes to 3 hours per session, delivered in person or by phone, in individual or group format, and were led by a nurse, physiotherapist, or psychologist ([Table 2](#t2-prom-9-049){ref-type="table"}).

### Outcomes

Pain interference and/or severity were primary outcomes in one study (T2) and secondary outcomes in five studies (T1, T3, T4, T5, and T6), whereas functional outcomes were primary in four studies (T1, T2, T4, T6) and secondary in one study (T5). All six studies used well-validated questionnaire-based outcome measures for pain, including the visual analog scale (VAS; T1), 11-point numeric rating scale (NRS; T4 and T5), the Brief Pain Inventory (BPI; T2 and T3), Short Form 36 -- body pain scale (SF-36-BP; T4), and the Low-Back Pain Rating Scale (T6), and one study additionally measured pain indirectly based on postoperative consumption of rescue analgesics (T5). According to the IMMPACT core outcome measures for chronic pain, clinical trials T1--T5 utilized recommended measures for both pain and physical functioning.[@b28-prom-9-049] It is important to note that T6 was aimed more at evaluation of pain in the acute postoperative period. Five of the six studies reported on functional outcomes, including disability using the Oswestry Disability Index (ODI; T1, T2, T4, and T6), ambulation using the Cumulated Ambulation Score (T5), and mobility using the five-chair-stand test (T2), timed up-and-go (TUG) test (T2), and 10 m walk test (T2) ([Table 2](#t2-prom-9-049){ref-type="table"}). One study (T1) included detailed information regarding participant recruitment and progress throughout the trial according to the CONSORT guidelines.[@b29-prom-9-049] This represents another core outcome measure in the IMMPACT recommendations. Additionally, only one study (T3) included a measure of emotional functioning: the Beck Depression Inventory.[@b28-prom-9-049] Timing of assessments for pain-related outcomes included the first postoperative week (acute recovery period) in one study (T5) and longer-term follow-up (chronic period) in the remaining studies, ranging from 2 months to 2--3 years (T1--T4 and T6) ([Table 2](#t2-prom-9-049){ref-type="table"}).

### Analyses

Five of the six included studies analyzed data according to ITT principles (T1, T2, and T4--T6), whereas one study limited their analysis to completers (ie, those for whom complete follow-up data were available; T3). Of these five studies that employed ITT, only T1 reported their method of imputing missing data. The T1 authors reported that they varied their imputation method according to reason for drop-out; specifically, when dropout was unrelated to allocation, the mean value for their group was used, and when dropout was related to either increased pain or an absence of pain, the 10th and 90th percentile score was used, respectively. Parametric analyses were employed in four studies (T1--T4) and nonparametric analyses employed in two (T5, T6). Three of the six studies statistically adjusted for demographics, clinical variables, and pretreatment outcome measures (T1--T3). Among the three remaining studies with unadjusted analyses, all employed change in scores from baseline as outcome measurements, partially controlling for spurious imbalances in group allocation of pretreatment outcome scores ([Tables 2](#t2-prom-9-049){ref-type="table"} and [3](#t3-prom-9-049){ref-type="table"}).

Effects of CBT integrated with physiotherapy on pain-related outcomes
---------------------------------------------------------------------

Two RCTs (T1 and T2; [Table 2](#t2-prom-9-049){ref-type="table"}) evaluated the impact of postoperative CBT integrated with physiotherapy on pain-related outcomes among back-surgery patients. Of these, a Swedish study (T1, n=107) employed an intervention known as psychomotor therapy and an American study (T2, n=86) used an intervention known as cognitive behavior-based physical therapy (CBPT). These interventions appeared similar in content, with both involving elements of CBT, including behavioral self-management, cognitive restructuring, and relaxation training, integrated into their physiotherapy regimens. Treatment arms were comparable between studies, with both involving education and exercise support. In terms of delivery, both interventions were led by physiotherapists, but T1 offered three 90-minute in-person sessions at 3, 6, and 9 weeks postoperatively, whereas T2 offered six weekly 30-minute telephone sessions beginning 6 weeks after surgery. T1 outcomes were assessed at 3 months, 6 months, 1 year, and 2--3 years postsurgery with analyses adjusted for age and sex, whereas T2 assessed outcomes only up to 3 months after surgery and controlled for age, education level, comorbidities, physical therapy utilization, and pretreatment outcome scores. Data from both studies were analyzed according to ITT principles. Both RCTs included outcome measures for pain and function, the results of which are described in the following sections.

### Pain outcomes

In the Swedish trial (T1), pain outcomes were measured on a VAS for back pain and between-group differences in pain-intensity reductions analyzed using repeated-measures (RM) analysis of covariance (ANCOVA). The authors found significantly greater pain reductions in the intervention arm at 3 and 6 months that became nonsignificant at 1 year, but again reached marginal significance at 2--3 years postsurgery. Absolute decreases in pain from baseline and difference in change in scores between groups were 29.9 mm (difference of 11.7 mm, effect sizes *d*=1.45 for psychomotor therapy vs *d*=0.98 for exercise therapy) at 3 months, 35.9 mm (difference of 9.9 mm, *d*=1.7 for psychomotor therapy vs *d*=1.29 for exercise therapy) at 6 months, and 39.2 mm (difference of 9.8 mm, *d*=1.34 for psychomotor therapy vs *d*=1.29 for exercise therapy) at 2--3 years. According to research examining cut-off values for clinical significance, the absolute decreases in VAS (≥35) at 6 months and 2--3 years would be considered clinically meaningful outcomes.[@b30-prom-9-049],[@b31-prom-9-049] RM ANOVA for between-group differences in the overall trend of pain reduction was also significant at the *P*\<0.01 level ([Table 3](#t3-prom-9-049){ref-type="table"}).

In the US trial (T2), pain outcomes were measured using the BPI subscales for back-pain intensity, leg-pain intensity, and pain-related interference with activities of daily living, and between-group differences in score reductions across measures were analyzed using RM ANOVA and multivariable linear regression. The authors found significantly greater reductions in all pain measures in the intervention arms at 3-month follow-up after surgery. In unadjusted analyses (RM ANOVA), absolute decreases in pain from baseline and differences in change in scores (on a 0--10 scale) between groups were 1.1 (difference of 0.88) for back-pain intensity (*d*=0.62), 1.3 (difference of 1.2) for leg-pain intensity (*d*=0.62), and 1.7 (difference of 1.5) for pain interference (*d*=0.72).

Similar results were obtained after multivariable adjustment, with effects remaining significant at the *P*\<0.01 level and effect sizes of *R*^2^=0.64 for back pain, *R*^2^=0.45 for leg pain, and *R*^2^=0.49 for pain interference ([Table 3](#t3-prom-9-049){ref-type="table"}). Generally, a 2-point reduction on the NRS is usually regarded as a clinically meaningful outcome.[@b32-prom-9-049]

### Functional outcomes

In the Swedish trial (T1), disability was measured using the ODI, and between-group differences in disability reductions were analyzed using RM ANCOVA. Between-group differences in the overall trend of disability reduction were significant. The authors found significantly greater reductions in disability scores in the intervention arm at all time points (ie, 3 months, 6 months, 1 year, and 2--3 years postsurgery) ([Table 3](#t3-prom-9-049){ref-type="table"}). Absolute decreases in disability from baseline and differences in change in scores (0--100 ODI scale) between groups were 19.9 (difference of 9.7, *d*=1.2) at 3 months, 23.8 (difference of 10.7, *d*=1.32) at 6 months, 25.5 (difference of 11.1, *d*=1.39) at 1 year, and 24.9 (difference of 9.8, *d*=1.43) at 2--3 years.

The US trial (T2) also measured disability outcomes using the ODI in addition to performance-based mobility outcomes, including the five-chair-stand test, TUG test, and 10-m walk test. Between-group differences in score reductions across measures were analyzed. The authors found significantly greater reductions in ODI scores, five-chair-stand test, and marginally greater reductions in TUG and 10-m walk test scores in the intervention arm at 3 months postsurgery. In unadjusted analyses (RM ANOVA), absolute decreases in ODI and performance-based measures from baseline and differences in change in scores between groups were 17.3 (difference of 9.8 points, *d*=0.79) for ODI, 11.6 seconds (difference of 7 seconds, *d*=0.49) for the five-chair-stand test, 2.1 seconds (difference of 1.6 seconds, *d*=0.41) for the TUG test, and 0.20 m/s (difference of 0.1 m/s, *d*=0.41--0.49) for the 10 m walk test, with the intervention accounting for a substantial proportion of observed effect sizes. Similar results were obtained after multivariable adjustment, with all effects remaining significant at the *P*\<0.05 level and effect sizes of *R*^2^=0.59 for the ODI, *R*^2^=0.52 for the five-chair-stand test, *R*^2^=0.62 for the TUG test, and *R*^2^=0.33 for the 10 m walk test ([Table 3](#t3-prom-9-049){ref-type="table"}).

Effects of CBT on pain-related outcomes
---------------------------------------

Four studies based on three RCTs (T3--T6; [Table 2](#t2-prom-9-049){ref-type="table"}) evaluated the impact of CBT on pain-related outcomes among cardiac (T3) and back (T4--T6)-surgery patients. Of these, a US study (T3, n=53) and an Italian study (T4, n=130) delivered eight 1-hour individual sessions in the postoperative period, led by a nurse and psychologist, respectively. The other two studies (T5 and T6) were based on a single Danish RCT (n=96) that delivered four 3-hour sessions of group-based CBT preoperatively and two sessions postoperatively. These sessions were led by a psychologist, occupational therapist, physiotherapist, social worker, spine surgeon, and former patient. T5 outcomes were assessed at 3 months, 6 months, and 1 year postoperatively, whereas T6 was a secondary analysis of T5, with outcomes assessed in the acute postoperative period (days 1--7 following surgery). As such, T5 analyses reflect outcomes of the preoperative intervention only, whereas T6 analyses reflect outcomes of the full pre- and postoperative CBT-intervention protocol.

Comparison arms varied among studies, with T3 employing usual care, T4 offering exercise support, T5 providing education, and T6 providing both education and exercise support. Three studies assessed outcomes of surgery at 2 months and beyond, with T3 measuring outcomes at 2 months, T4 at 1 year, and T6 at 3 months, 6 months, and 1 year postoperatively, whereas one study (T5) assessed outcomes during the first postoperative week. Only one study (T3) adjusted for covariates, including age, sex, marital status, minority status, employment, body-mass index, mental health, medications, sleep quality, postoperative complications, and baseline pain scores. Although the other studies did not adjust for covariates, they employed changes in scores from baseline as their outcome measures, thereby attempting to control for imbalances in pretreatment outcome scores between study arms. It should be noted that changes in scores have received significant criticism in pain research, with IMMPACT guidelines noting the fact that changes in pain scores are not equivalent from patient to patient (eg, changes in severe pain-intensity range compared to changes in mild pain-intensity range).[@b28-prom-9-049],[@b30-prom-9-049]

Data from T4--T6 were analyzed according to ITT principles and reported on measures of both pain and function, whereas T3 analyses were limited to completers and reported on pain outcomes only, the results of which are described in the following sections.

### Pain outcomes

In the US trial (T3), pain outcomes were measured using the BPI subscales for pain severity and pain-related interference with activities of daily living, and between-group differences in score reductions across measures were analyzed. The authors found significantly greater reductions in pain severity and interference in the intervention arm at 2-month follow-up (*P*\<0.05 for both) in univariate analyses although the trend for pain severity lost significance upon multivariable adjustment. Regression analyses revealed a relatively large effect for CBT over usual care, conferring an additional 3.4-point reduction (95% CI −4.84 to −0.58) in pain interference (on a 0--10 scale), representing a clinically meaningful change in outcome. We conducted an analysis using Cohen's *d*, which showed a large effect size of 0.83 ([Table 3](#t3-prom-9-049){ref-type="table"}).

In the Italian trial (T4), pain outcomes were measured using the 11-point NRS for back and leg pain and on the SF-36-BP for body pain. Group × time interaction effects were significant for all outcomes at the *P*\<0.001 level on linear mixed-model analyses, favoring CBT over exercise support ([Table 3](#t3-prom-9-049){ref-type="table"}). Cohen's *d* calculation revealed medium effect sizes when the NRS and SF-36 were evaluated and large effect sizes for back pain and disability.

In the Danish trial with 1-year follow-up (T6), the PRS was used to assess pain at 3 months, 6 months, and 1 year postsurgery. Unadjusted nonparametric analyses revealed no significant improvements in pain outcomes associated with group CBT over the follow-up period ([Table 3](#t3-prom-9-049){ref-type="table"}). In the secondary analysis of acute surgical outcomes (T5) based on the same Danish trial, median pain intensity over the first postoperative week was measured using a 0--10 NRS and indirectly through consumption of rescue (ie, breakthrough) analgesics. Unadjusted nonparametric analysis similarly did not detect significant improvements in acute pain by either measure based on preoperative CBT-group involvement ([Table 3](#t3-prom-9-049){ref-type="table"}). T5 and T6 used nonparametric tests and provided insufficient data to facilitate manual calculations for effect sizes.

### Functional outcomes

In the Italian trial (T4), disability was measured using the ODI at 2 months postsurgery. Group × time interaction effects were significant in favor of CBT intervention over exercise support (*F*=20.37, *P*\<0.001) in linear mixed-model analyses (*F*=20.37, *P*\<0.001) ([Table 3](#t3-prom-9-049){ref-type="table"}). Disability was also measured using the ODI in the Danish trial with long-term follow-up (T6). Unadjusted nonparametric analyses revealed significant improvements in disability outcomes at 3 months postsurgery (*P*=0.003) and marginally significant improvements at 6 months (*P*=0.056) and 1 year postsurgery (*P*=0.082) ([Table 3](#t3-prom-9-049){ref-type="table"}). In the secondary analysis of acute surgical outcomes (T5) based on the same Danish trial, measures of mobility were employed, including timed tests for walking, rising and sitting from a chair, and getting in and out of bed. Unadjusted nonparametric analysis identified significant improvements in walking speed (*P*=0.02) and marginally significant improvements in speed of rising and sitting from a chair (*P*=0.056) and getting in and out of bed (*P*=0.082) associated with preoperative CBT-group involvement ([Table 3](#t3-prom-9-049){ref-type="table"}).

Discussion
==========

The objective of this systematic review was to provide a synthesis of the evidence from RCTs on perioperative, psychological interventions to manage PSP. Despite growing interest in extending the utility of psychological interventions for pain management to surgical settings, this study highlights the relative sparsity of clinical trials on the efficacy of perioperative psychological interventions for pain-related outcomes. Nonetheless, the data synthesized from preliminary RCTs identified in this systematic review generally supported the efficacy of psychological interventions to reduce pain disability and intensity after surgery. Given the tremendous individual and societal burden of CPSP, these findings speak to the potential value of integrating psychological interventions into standard perioperative care, and to the need for future research on these approaches.

Overall, the studies reviewed demonstrated that psychological interventions in the perioperative period yielded significant improvements in multiple pain-related outcomes. All of the included studies employed effective randomization and moderate sample sizes. There was also consistent use of well-validated outcome measures for pain (VAS, NRS, McGill Pain Questionnaire, BPI). Most papers, however, did not include all of the core recommendations according to the IMMPACT guidelines.

While all papers included the recommended core outcome measures for pain and physical functioning, only one paper (T3) included an assessment of emotional functioning and only one (T1) outlined detailed information according to the CONSORT protocol.[@b28-prom-9-049] Despite the well-validated outcome measures for disability, some useful outcome data that may have added quality to the papers may have been missed.

There was considerable heterogeneity in the CBT protocols used across the studies. We also identified significant variation in study design, analysis, timing and duration of intervention, degree of multivariate adjustment, follow-up intervals, and outcome reporting. Therefore, we were able to make some general conclusions regarding the effectiveness of psychological interventions, but the data required to make specific recommendations (types, timing, duration, delivery methods, and specific high-yield populations) were insufficient. There was also inadequate blinding in several of the studies, and this may have contributed to bias. It should be noted that blinding in psychological interventions is practically unfeasible.

Despite newer approaches employed in the treatment of chronic pain, including ACT and mindfulness-based psychotherapy,[@b33-prom-9-049],[@b34-prom-9-049] our analysis indicated that there is a lack of data on these approaches, as they were not employed in any of the identified studies.[@b19-prom-9-049]

For five of the six studies identified, the intervention was not delivered by experienced therapists, which may have resulted in smaller effect sizes and decreased validity. T4 was the only study that had psychologist-delivered CBT. Follow-up interventions should place a higher priority on the training, experience, and expertise of the therapists delivering the interventions to optimize treatment delivery.

In terms of heterogeneity with respect to surgical procedures, five of the six studies evaluated outcomes for spinal surgery (including lumbar fusion and laminectomy), while one study assessed outcomes following cardiac surgery. While we were able to draw some comparisons, the studies included did not sufficiently represent the variety of major surgeries that are most common, and particularly those associated with a higher risk of CPSP (thoracic procedures, amputation, hernia repair, and breast surgery).[@b35-prom-9-049] This made it difficult to come to strong conclusions and make procedure-specific recommendations. Future research on the potential differential efficacy of interventions according to treatment-provider type and surgery type would be valuable.

Overall, four of the six studies identified significant reductions in pain. Additionally, studies T1--T4 demonstrated moderate--large effect sizes for the intervention group. Of note, the Rolving et al[@b26-prom-9-049],[@b27-prom-9-049] studies (T5 and T6; two analyses of one RCT) were the only ones that reported no significant differences in pain scores, and we were unable to analyze effect sizes. Despite wide variability in studies, we were able to identify some characteristics in these studies that may have contributed to this. In the other studies, the psychotherapy was administered on an individual basis, while the intervention in T5/T6 was administered in a group setting. In the T6 analysis, the majority of the sessions were in the preoperative period, and in the T5 analysis, all of the sessions were done in the preoperative period. To complement existing literature, future research should investigate whether pain outcomes may be best targeted when the psychological intervention is delivered primarily in the postoperative period. The T5 and T6 analyses were also unique in that nonparametric analyses were used and the results were not adjusted.

It is difficult to determine whether the presence of preexisting chronic pain had some bearing on the outcomes noted, as two of the studies included all patients with preexisting chronic pain (T1 and T2). In the studies that incorporated some patients with preexisting chronic pain (T4--T6), no comments or analyses were made on the specific outcomes of those with preoperative chronic pain and whether this made a significant difference in outcomes or incidence of postoperative pain and disability.

According to the literature, very few of the studies reported clinically meaningful outcomes[@b30-prom-9-049],[@b32-prom-9-049] when using standardized, validated methods. However, the majority of these studies demonstrated medium--large effect sizes and statistically significant results. This may suggest that continued research should focus on production of newer outcome measures that may allow for better correlation with statistical analyses.

All of the papers that measured disability (five of six) used the same standardized, validated measure (ODI). It is important to note that all of these studies noted significant improvements in disability (with moderate--large effect sizes noted in T1, T2, and T4) after the intervention was performed and regardless of the protocol for the CBT intervention. However, for the T5 analysis, significance was noted only at 3-month follow-up and the effects lost at 6-month and 1-year follow-up. In all of the other studies that assessed outcomes after spinal surgery beyond the 3-month mark, the improvements in ODI remained significant. This may be an indicator that psychology-based individual consultations are superior to group-based interventions, and calls for further clarification. Additionally, despite large effect sizes and statistically significant outcomes, correlating these measures to achieve a minimal clinically important difference has proven to be challenging according to the literature. Several minimal clinically important differences have been advocated in the past, and it has been determined that there is extreme variability in predictive modeling. These are generally affected by baseline characteristics, and clinicians must be aware of this when incorporating into clinical practice.[@b36-prom-9-049]

Another consideration was the manner in which CBT was implemented. Two of the studies (T1 and T2) used CBPT in the postoperative period. These were both studies with a low risk of bias. While there were notable differences in the studies, it is interesting to note that CBPT was superior to the controls (education program in T2 and exercise alone in T1) in both analyses. In the T1 study, the sessions were fewer but longer and were also in person vs telephone as in T2. It is interesting to note that both interventions produced meaningful and sustained outcomes, suggesting that the length of each interventional session should be an important consideration for effective delivery. This could aid in establishing time-sensitive and cost-effective protocols. However, it is difficult to make a concrete recommendation based on these two papers alone, especially considering the fact that T2 ceased follow-up after 3 months. Therefore, replication and similar designs in future studies are needed.

Further research is also needed to determine the optimal number of hours of treatment required in order to achieve clinically meaningful effects. However, some preliminary observations were made from our review. T1 and T2 both required less than 5 hours total to deliver the interventions, while T3 and T4 both used a total of 8 hours of intervention time. These papers all had significant results for similar outcomes, despite different intervals, methods of intervention delivery, and surgical populations. Of these interventions, it would be useful to explore whether a CBPT intervention enables the most efficient perioperative pain-intervention design, considering it encompasses physical and psychological treatment methods over a short period. Both T5 and T6 involved longer-term interventions and more of hours of therapy (12 hours for the 2016 analysis and 18 hours for the 2015 analysis). A detailed cost-effectiveness analysis would be beneficial in determining whether shorter interventions can improve outcomes and cost-effectiveness.

Strengths and limitations of our study warrant consideration. This review complements and extends research for other specific pain-management techniques, such as hypnosis and relaxation, to include psychotherapy regimens with demonstrated effectiveness in a general pain setting. A major strength was our adherence to PRISMA[@b20-prom-9-049] guidelines, including a comprehensive and replicable research strategy with two independent raters and risk of bias assessment by three independent raters. Lastly, we undertook a systematic approach to data extraction and evidence synthesis. Regarding strengths of included RCTs, it is noteworthy that all but one of the trials applied ITT principles, although only one study clearly reported the methods used to impute missing data. These reporting omissions are relevant, because differential approaches to missing-data imputation can affect estimations of differences between study groups.[@b37-prom-9-049] Regardless of approach, however, ITT is generally recommended over completer (ie, per protocol) analyses, due to its several strengths, including preservation of the integrity of the randomization and more realistic estimations of average treatment effects.[@b38-prom-9-049] In terms of limitations, while we included three well-known psychological interventions in our search strategy (CBT, ACT, and mindfulness), we only found papers based on one of the psychological intervention approaches -- CBT. In addition, identification and selection of relevant articles may have been influenced by publication bias. Finally, significant heterogeneity in papers reviewed meant that a quantitative meta-analysis was not possible.

Pain is a multifactorial biological process, and several psychological factors are known to modulate individual differences in pain perception[@b39-prom-9-049] and experiences. Psychological risk factors for CPSP include preoperative depression,[@b40-prom-9-049] anxiety,[@b10-prom-9-049] pain catastrophizing,[@b10-prom-9-049],[@b41-prom-9-049] posttraumatic stress-disorder symptoms,[@b42-prom-9-049] and fear of surgery,[@b43-prom-9-049] among others. Moreover, the general effectiveness of psychological interventions for chronic pain management has been well established in recent years,[@b44-prom-9-049],[@b45-prom-9-049] lending credence to the prospect of incorporating psychological approaches in the perioperative setting to manage PSP.

The perioperative period represents a critical window of intervention in which effective pain management may reduce the likelihood of progression from acute to debilitating and costly chronic pain. Aside from the small number of RCTs of psychological treatments for PSP included in this review, all of which evaluated CBT-related interventions, there is emerging evidence for mind--body interventions[@b46-prom-9-049] and hypnosis[@b47-prom-9-049] in improving pain and disability in the postoperative setting. In addition, a recent, uncontrolled pilot study of a single-session pain-psychology class targeting pain catastrophizing has demonstrated large treatment effects in reducing catastrophizing in chronic pain outpatients after 4 weeks.[@b48-prom-9-049]

ACT is another psychological treatment with known efficacy for chronic pain that has shown initial support in surgical settings, based on emerging observational research[@b19-prom-9-049] from the Toronto General Hospital's Transitional Pain Service (TPS). At the TPS, high-risk surgical patients are seen prior to surgery and followed up for 6 months postsurgery as outpatients with the option to receive psychological services grounded in ACT and mindfulness training to assist in managing PSP, disability, and opioid tapering.[@b11-prom-9-049] Despite the practical and logistical challenges in integrating psychological interventions in the perioperative-care pathway, the need for services similar to the TPS has arguably never been greater, given the burgeoning public health problems tied to CPSP and long-term, dose-escalating opioid use.[@b49-prom-9-049] In light of this, greater emphasis must be placed on rigorous research studies that report and describe their interventions with careful detail, including information related to the timing, structure, and content.

This systematic review illustrates that clinical trial research on perioperative, psychological interventions for PSP remains in the early stages. Nonetheless, evidence from the initial RCTs supports the clinical utility of psychological interventions in the perioperative period to reduce the risk of long-term pain outcomes. These findings are in keeping with the continually growing body of empirical evidence for the role of modifiable psychological risk factors in the transition from acute PSP to CPSP.[@b4-prom-9-049],[@b35-prom-9-049],[@b50-prom-9-049] Given escalating rates of major and minor surgical procedures, psychological interventions hold the potential to reduce debilitating and costly pain outcomes for a growing number of people. As such, these findings are of high clinical relevance to patients, clinicians, and policy makers, and call urgently for confirmation. Future observational and RCT research is necessary to validate and improve the specificity of findings, including the scope and differential effectiveness of various psychological interventions, optimal timing, dosage, and delivery of services, cost-effectiveness studies, and efficacy studies for postsurgical opioid weaning, potentially setting the stage for large-scale implementation.

Supplementary material
======================

###### 

Mapped search strategy

  Construct                                                MeSH terms                                                                                                                                                                                                                                                                                                                                                                                                                                                                               Keywords
  -------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Psychological Interventions (ACT, CBT, or mindfulness)   cognitive therapy; meditation; mindfulness; acceptance and commitment therapy                                                                                                                                                                                                                                                                                                                                                                                                            cognitive therap[\*](#tfn5-prom-9-049){ref-type="table-fn"}; acceptance and commitment therap[\*](#tfn5-prom-9-049){ref-type="table-fn"}; mindful[\*](#tfn5-prom-9-049){ref-type="table-fn"}; meditation[\*](#tfn5-prom-9-049){ref-type="table-fn"}; meditative[\*](#tfn5-prom-9-049){ref-type="table-fn"}; ACT; CBT
  Pain (acute or chronic)                                  chronic pain; pain (exp) and chronic diseases (exp); arthralgia (exp); back pain (exp); central nervous system in\[injuries\]; central nervous system and pain (exp); glossalgia; headache disorders (exp); hyperalgesia (exp); mastodynia; metatarsalgia; palliative care (exp); pelvic pain (exp); complex regional pain syndrome (exp); causalgia; reflex sympathetic dystrophy; diabetic neuropathies; neuralgia (exp); neurons, afferent; nociceptors (exp); back pain; headache;   migraine[\*](#tfn5-prom-9-049){ref-type="table-fn"}; chronic pain[\*](#tfn5-prom-9-049){ref-type="table-fn"}; damage[\*](#tfn5-prom-9-049){ref-type="table-fn"} nerve; deafferentation pain[\*](#tfn5-prom-9-049){ref-type="table-fn"}; nerve injur[\*](#tfn5-prom-9-049){ref-type="table-fn"}; neuro[\*](#tfn5-prom-9-049){ref-type="table-fn"} pain[\*](#tfn5-prom-9-049){ref-type="table-fn"}; multiple scleros[\*](#tfn5-prom-9-049){ref-type="table-fn"} pain; pain[\*](#tfn5-prom-9-049){ref-type="table-fn"} syndrom[\*](#tfn5-prom-9-049){ref-type="table-fn"}; pelvic pain[\*](#tfn5-prom-9-049){ref-type="table-fn"}; allodynia[\*](#tfn5-prom-9-049){ref-type="table-fn"}; arthralgi[\*](#tfn5-prom-9-049){ref-type="table-fn"}; causalgia[\*](#tfn5-prom-9-049){ref-type="table-fn"}; cephalagi[\*](#tfn5-prom-9-049){ref-type="table-fn"}; cephalgi[\*](#tfn5-prom-9-049){ref-type="table-fn"}; chronic noncancer[\*](#tfn5-prom-9-049){ref-type="table-fn"} pain; chronic non-cancer[\*](#tfn5-prom-9-049){ref-type="table-fn"} pain; chronic nonmalignan[\*](#tfn5-prom-9-049){ref-type="table-fn"} pain; chronic non-malignan[\*](#tfn5-prom-9-049){ref-type="table-fn"} pain; colic; coccydyni[\*](#tfn5-prom-9-049){ref-type="table-fn"}; dysaesthesia[\*](#tfn5-prom-9-049){ref-type="table-fn"}; dysesthesia[\*](#tfn5-prom-9-049){ref-type="table-fn"}; dysmenorrhea[\*](#tfn5-prom-9-049){ref-type="table-fn"}; dysmenorrhea[\*](#tfn5-prom-9-049){ref-type="table-fn"}; dysmenorrhoea[\*](#tfn5-prom-9-049){ref-type="table-fn"}; earache; ear-ache; failed back; glossalgi[\*](#tfn5-prom-9-049){ref-type="table-fn"}; hyperalges[\*](#tfn5-prom-9-049){ref-type="table-fn"}; hyperpathia[\*](#tfn5-prom-9-049){ref-type="table-fn"}; mastodyni[\*](#tfn5-prom-9-049){ref-type="table-fn"}; metatarsalgi[\*](#tfn5-prom-9-049){ref-type="table-fn"}; migraine[\*](#tfn5-prom-9-049){ref-type="table-fn"}; neuralgi[\*](#tfn5-prom-9-049){ref-type="table-fn"}; neuroma[\*](#tfn5-prom-9-049){ref-type="table-fn"}; neuropath[\*](#tfn5-prom-9-049){ref-type="table-fn"}; nocicept[\*](#tfn5-prom-9-049){ref-type="table-fn"}; palliat[\*](#tfn5-prom-9-049){ref-type="table-fn"}; paraesthesia[\*](#tfn5-prom-9-049){ref-type="table-fn"}; paresthesia[\*](#tfn5-prom-9-049){ref-type="table-fn"}; phantom limb; polymyalgi[\*](#tfn5-prom-9-049){ref-type="table-fn"}; polyneuropath[\*](#tfn5-prom-9-049){ref-type="table-fn"}; reflex sympathetic dystroph[\*](#tfn5-prom-9-049){ref-type="table-fn"}; sciatic; shingles; sympathetically maintained pain; toothache; tooth-ache
  Postsurgical period                                      Pain, postoperative (exp)                                                                                                                                                                                                                                                                                                                                                                                                                                                                postop[\*](#tfn5-prom-9-049){ref-type="table-fn"}; post-op[\*](#tfn5-prom-9-049){ref-type="table-fn"}; poastamput[\*](#tfn5-prom-9-049){ref-type="table-fn"}; post-amput[\*](#tfn5-prom-9-049){ref-type="table-fn"}; postincision[\*](#tfn5-prom-9-049){ref-type="table-fn"}; post-incision; postprocedur[\*](#tfn5-prom-9-049){ref-type="table-fn"}; post-procedur[\*](#tfn5-prom-9-049){ref-type="table-fn"}; postsurg[\*](#tfn5-prom-9-049){ref-type="table-fn"}; post-surg[\*](#tfn5-prom-9-049){ref-type="table-fn"}; postresect[\*](#tfn5-prom-9-049){ref-type="table-fn"}; post-resect[\*](#tfn5-prom-9-049){ref-type="table-fn"}; postintervention[\*](#tfn5-prom-9-049){ref-type="table-fn"}; post-intervention[\*](#tfn5-prom-9-049){ref-type="table-fn"}; postlapar[\*](#tfn5-prom-9-049){ref-type="table-fn"}; post-lapar[\*](#tfn5-prom-9-049){ref-type="table-fn"}; postmastectom[\*](#tfn5-prom-9-049){ref-type="table-fn"}; post-mastectom[\*](#tfn5-prom-9-049){ref-type="table-fn"}; follow[\*](#tfn5-prom-9-049){ref-type="table-fn"} surg[\*](#tfn5-prom-9-049){ref-type="table-fn"}; follow[\*](#tfn5-prom-9-049){ref-type="table-fn"} intervention[\*](#tfn5-prom-9-049){ref-type="table-fn"}; follow[\*](#tfn5-prom-9-049){ref-type="table-fn"} procedur[\*](#tfn5-prom-9-049){ref-type="table-fn"}; follow[\*](#tfn5-prom-9-049){ref-type="table-fn"} resect[\*](#tfn5-prom-9-049){ref-type="table-fn"}; after incision; after laparo[\*](#tfn5-prom-9-049){ref-type="table-fn"}; after operati[\*](#tfn5-prom-9-049){ref-type="table-fn"}; after procedur[\*](#tfn5-prom-9-049){ref-type="table-fn"}; after resect[\*](#tfn5-prom-9-049){ref-type="table-fn"}; after surger[\*](#tfn5-prom-9-049){ref-type="table-fn"}; after surgical[\*](#tfn5-prom-9-049){ref-type="table-fn"}

**Note:**

Wildcard character.

**Abbreviations:** ACT, acceptance and commitment therapy; CBT, cognitive behavioral therapy; exp, "exploded" search term; MeSH, medical subject headings.

**Disclosure**

Joel Katz is supported by Canadian Institutes of Health Research Canada Research Chair in Health Psychology at York University. Hance Clarke is supported by a Merit Award from the Department of Anesthesia, University of Toronto. The authors report no other conflicts of interest in this work.

![Flow diagram of study selection.\
**Note:** Flowchart showing numbers of studies screened, assessed for eligibility, and included in the present review. Also shown are reasons for exclusions at each stage and numbers of articles excluded.\
**Abbreviation:** RCTs, randomized controlled trials.](prom-9-049Fig1){#f1-prom-9-049}

###### 

Risk-of-bias assessment

  Study                              Selection bias: random-sequence generation   Selection bias: allocation concealment   Performance and detection bias: blinding   Attrition bias: incomplete data   Reporting bias: selective reporting
  ---------------------------------- -------------------------------------------- ---------------------------------------- ------------------------------------------ --------------------------------- -------------------------------------
  Abbott et al[@b22-prom-9-049]      Low                                          Low                                      High                                       Low                               Low
  Archer et al[@b24-prom-9-049]      Low                                          Low                                      Low                                        Low                               Low
  Doering et al[@b25-prom-9-049]     Low                                          Unclear                                  Low                                        High                              Low
  Monticone et al[@b23-prom-9-049]   Low                                          Low                                      Low                                        Low                               Low
  Rolving et al[@b27-prom-9-049]     Low                                          Low                                      High                                       Low                               Low
  Rolving et al[@b26-prom-9-049]     Low                                          Low                                      High                                       Low                               Low

**Note:** Used Cochrane risk-of-bias assessment tool.

###### 

Characteristics of trials included in systematic review

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Paper    Study                              Country   Surgical population                                                                      Participants (completed), n                                              Age (years)                         Male    Intervention                                                                                                                                                                                                       Comparison                                                                                                                                                                    Outcomes
  -------- ---------------------------------- --------- ---------------------------------------------------------------------------------------- ------------------------------------------------------------------------ ----------------------------------- ------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **T1**   Abbott et al[@b22-prom-9-049]      Sweden    Adult (age 18--65 years) lumbar fusion patients                                          107 (3 months, n=101; 6 months, n=101; 1 year, n=99, 2--3 years, n=87)   Mean PMT 50.3 (SD 10)\              38.3%   PMT\                                                                                                                                                                                                               UC\                                                                                                                                                                           Primary: disability Secondary: back-pain intensity over past week Outcomes assessed as change in scores from baseline
                                                                                                                                                                                                                          Mean UC 51 (SD 10.9)                        Description: UC supplemented with CBT-informed physiotherapy intervention (ie, PMT) including behavioral self-management, cognitive restructuring, relaxation training, and motivational interviewing\             Description: physiotherapist-instructed inpatient exercise-therapy program and 20-minute exercise instruction at discharge\                                                   
                                                                                                                                                                                                                                                                      Timing: 90-minute PMT sessions delivered by physiotherapists at 3, 6, and 9 weeks PO                                                                                                                               Timing: daily exercises with physiotherapist PO, days 1--5 20-minute physiotherapist instruction of 12-week exercise plan at discharge                                        

  **T2**   Archer et al[@b24-prom-9-049]      USA       Adult (age ≥21 years) laminectomy patients                                               86 (80)                                                                  Mean 57.6 (SD 12.2)                 44.2%   CBPT\                                                                                                                                                                                                              Education\                                                                                                                                                                    Primary: pain intensity and interference (BPI), disability (ODI)\
                                                                                                                                                                                                                                                                      Description: six weekly 30-minute telephone-based CBPT sessions Consisted of behavioral self-management, problem-solving, cognitive restructuring, and relaxation training + education program (see comparison)\   Description: education program consisting of physical therapy, stress management, sleep hygiene, energy management, communication with health providers, injury prevention\   Secondary: mobility (five-chair-stand test, timed up- and-go test, 10 m walk test Outcomes assessed as change in scores from baseline
                                                                                                                                                                                                                                                                      Timing: started 6 weeks PO                                                                                                                                                                                         Timing: started 6 weeks PO                                                                                                                                                    

  **T3**   Doering et al[@b25-prom-9-049]     USA       Adult cardiac surgery patients with major or minor depression at discharge (on SCID-I)   53 (limited to completers) CBT, n=33; UC, n=20                           Mean 67.8 (SD 9.2)                  83.1%   CBT\                                                                                                                                                                                                               UC\                                                                                                                                                                           Secondary (primary reported in 2013 paper): pain severity and interference (BPI-SF)
                                                                                                                                                                                                                                                                      Description: eight weekly 1-hour manualized, nurse-delivered CBT sessions\                                                                                                                                         Description: (included patients from secondary analysis comparing UC followed by CBT to early-CBT group)\                                                                     
                                                                                                                                                                                                                                                                      Timing: median time from surgery (in ITT sample) to CBT or UC 45.5 days (IQR 26.25 days)                                                                                                                           Timing: median time from surgery (in ITT sample) to CBT or UC 45.5 days (IQR 26.25 days)                                                                                      

  **T4**   Monticone et al[@b23-prom-9-049]   Italy     Adult (age ≥18 years) patients recovering from lumbar spinal fusion                      130 (117)                                                                Mean CBT/exercise 58.9 (SD 11.8)\   39.2%   CBT + exercise\                                                                                                                                                                                                    Exercise\                                                                                                                                                                     Primary: disability (ODI)\
                                                                                                                                                                                                                          Mean exercise 55.9 (SD 14.2)                Description: two 1-hour psychologist-delivered individual CBT sessions per week over 4 weeks (total of eight CBT sessions) targeting catastrophizing and kinesophobia, in addition to exercise program\            Description: five 90-minute physiotherapist-led exercise sessions per week for 4 weeks (total of 20 exercise sessions)                                                        Secondary: pain severity (0--10 NRS), SF-36-BP Outcomes assessed as change in scores from baseline
                                                                                                                                                                                                                                                                      Timing: two 1-hour sessions per week for 4 weeks Start date of intervention (ie, duration since surgery) not listed                                                                                                                                                                                                                                                                              

  **T5**   Rolving et al[@b27-prom-9-049]     Denmark   Adult (age 18--64 years) lumbar spinal fusion patients                                   96 (90) CBT, n=59 UC, n=31                                               Range 18--64\                       43.3%   CBT\                                                                                                                                                                                                               UC\                                                                                                                                                                           Secondary (primary reported in 2015 paper): median severity of back pain during first PO week (measured daily on 0--10 NRS); consumption of rescue analgesics during first PO week; PO mobility (first 3 days measured on CAS)
                                                                                                                                                                                                                          Mean CBT 51.4 (SD 9.2)\                     Description: four 3-hour group-CBT sessions in addition to UC\                                                                                                                                                     Description: information on operation, anesthesia, medication, PO rehab, physical restrictions after surgery\                                                                 
                                                                                                                                                                                                                          Mean UC 47.7 (SD 8.9)                       Timing: CBT and information delivered preoperatively                                                                                                                                                               Timing: information delivered preoperatively                                                                                                                                  

  **T6**   Rolving et al[@b26-prom-9-049]     Denmark   Adult (age 18--64 years) lumbar spinal fusion patients                                   96 (90 baseline, 87 at 3- and 6-month FU, 83 at 1-year FU)               Mean CBT 51.4 (SD 9.2)\             43.3%   CBT\                                                                                                                                                                                                               UC\                                                                                                                                                                           Primary: disability (ODI)\
                                                                                                                                                                                                                          Mean UC 47.7 (SD 8.9)                       Description: six 3-hour group-CBT sessions in addition to UC protocol\                                                                                                                                             Description: information and rehab\                                                                                                                                           Secondary: low-back PRS; all outcomes measured at baseline, 3 months, 6 months, and 1 year PO Outcomes assessed as change in scores from baseline
                                                                                                                                                                                                                                                                      Timing: four sessions preoperatively, two PO                                                                                                                                                                       Timing: information delivered preoperatively, rehabilitation programming delivered 12 weeks PO and included 8 weeks of supervised exercise                                    
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** BPI, Brief Pain Inventory; BPI-SF, Brief Pain Inventory-Short Form; CAS, cumulated ambulation score; CBPT, cognitive behavior-based physical therapy; CBT, cognitive behavioral therapy; ITT, intent to treat; NRS, numeric rating scale; ODI, Oswestry Disability Index; PMT, psychomotor therapy; PO, postoperative(ly); PRS, Pain Rating Scale; SCID-I, Structured Clinical Interview for DSM-IV -- Axis I; SF-36-BP, Short Form 36 -- body pain; UC, usual care.

###### 

Details of analyses, confounders, and results of included trials

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Paper                                                                         Study                              ITT vs completed   Statistical analyses                                                                                                                                                                                                                    Adjusted covariates                                                                                                                                                                                  Assessment time points                                                                    Main results (95% CI)
  ----------------------------------------------------------------------------- ---------------------------------- ------------------ --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------
  **T1**                                                                        Abbott et al[@b22-prom-9-049]      ITT                ANCOVA for each assessment time point                                                                                                                                                                                                   Baseline score, age, sex                                                                                                                                                                             Preoperative 3 months, 6 months, 1 year, and 2--3 years PO                                Between-group differences in score reduction + effect sizes for psychomotor therapy from baseline

  RM ANCOVA for entire follow-up                                                                                                      **ANCOVA**\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
                                                                                                                                      Disability (ODI): 3 months, −9.7 (−15.8 to −3.6, *P*=0.002), *d*=1.2; 6 months, −10.7 (−16.8 to −4.6, *P*=0.001), *d*=1.32; 1 year, −11.1 (−17.3 to −4.9, *P*=0.001), *d*=1.39; 2−3 years, −9.8 (−17.4 to −2.3, *P*=0.011), *d*=1.43\                                                                                                                                                                                                                                                                                                  
                                                                                                                                      Back pain (VAS): 3 months, −11.7 (−19 to −4.3, *P*=0.002), *d*=1.45; 6 months, −9.9 (−17.6 to −2.2, *P*=0.012), *d*=−1.7; 1 year, −5.4 (−14.8 to 3.9, *P*=0.25), *d*=1.67; 2−3 years, −9.8 (20.7 to 1.2, *P*=0.08), *d*=1.34                                                                                                                                                                                                                                                                                                           

  **RM ANCOVA**\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
  Disability (ODI), *P*=0.003\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
  Back pain (VAS), *P*=0.006                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

  **T2**                                                                        Archer et al[@b24-prom-9-049]      ITT                RM ANOVA Multivariable linear regression                                                                                                                                                                                                Pretreatment outcome score, age, education, comorbidity presence, physical therapy visits since baseline                                                                                             Preoperative (predictor), PO, 3 months (outcome)                                          **RM ANOVA**\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             Between-group differences in score reduction + effect sizes for CBPT group from baseline\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             BPI back pain: −0.88 (−1.5 to −0.25, *P*=0.007), *d*=0.62\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             BPI leg pain: −1.2 (−2.1 to 0.34, *P*=0.007), *d*=0.62\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             BPI interference: −1.5 (−2.4 to −0.57, *P*=0.002), *d*=0.72\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             ODI: −9.8 (−15.3 to −4.4, *P*\<0.001), *d*=0.79\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             Five-chair-stand test: −7 (−13.7 to −0.37, *P*=0.04), *d*=0.49\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             TUG test: −1.6 (−3.3 to 0.19, *P*=0.08); *d*=0.41\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             10 m walk test: 0.1 (−0.14 to 0.21, *P*=0.08), *d*=0.41−0.49

  **Multivariable linear regression**\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
  Between-group differences in score reduction\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
  BPI back pain: −0.85 (−1.4 to −0.25, *P*=0.006, *R*^2^=0.64)\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
  BPI leg pain: −1.1 (−1.9 to −0.2, *P*=0.009, *R*^2^=0.447)\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
  BPI pain interference: −1.3 (−2.1 to −1.4, *P*=0.005, *R*^2^=0.49)\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
  ODI: −9.4 (−14.9 to −4, *P*=0.001, *R*^2^=0.59)\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
  Five-chair-stand test: −4.3 seconds (−7.7 to −0.82, *P*=0.02, *R*^2^=0.52)\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
  TUG test: −1.8 seconds (−3.2 to −0.16, *P*=0.02, *R*^2^=0.62)\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
  10 m walk test: m/s (0.008 to 0.18, *P*=0.07, *R*^2^=0.33)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

  **T3**                                                                        Doering et al[@b25-prom-9-049]     Completer          RM ANOVA Forward stepwise multivariable linear regression (outcome change in score)                                                                                                                                                     Age, sex, marital status, minority status, BMI, antidepressant use, history of depression, major depression, BDI, BPI-I, BPI-S, CAS-R, PSQI, anxiety scores, statins, employment, PO complications   Baseline (after surgery and before hospital discharge), 8 weeks (conclusion of therapy)   **RM ANOVA**\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             Group × follow-up interaction favoring CBT\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             Pain interference: (*F*1,45=5.4, *P*=0.02)\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             Pain severity: (*F*1,46=5.1, *P*=0.03)\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             **Multivariable linear regression**\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             Pain Interference: CBT β=−2.7, SE=1.06; *t*=−2.56, *P*=0.01 (95% CI −4.84, −0.58), *d*=0.83[‡](#tfn3-prom-9-049){ref-type="table-fn"}\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             Pain severity: trend observed (*P*\<0.1)

  **T4**                                                                        Monticone et al[@b23-prom-9-049]   ITT                Linear mixed models for repeated measures (group and time as fixed effects, outcomes as dependent measures)                                                                                                                             Unadjusted                                                                                                                                                                                           Pretreatment (baseline), 4 weeks follow-up (PO), and 1 year postdischarge                 All group effects and time effects significant at *P*\<0.001 level\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             **Group** × **time effects**\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             Effect size corresponds to difference between groups\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             ODI: *F*=20.37, *P*\<0.001, *d*=0.8[‡](#tfn3-prom-9-049){ref-type="table-fn"}\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             NRS back: *F*=40.87, *P*\<0.001, *d*=1.13[‡](#tfn3-prom-9-049){ref-type="table-fn"}\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             NRS leg: *F*=12.32, *P*\<0.001, *d*=0.62[‡](#tfn3-prom-9-049){ref-type="table-fn"}\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             SF-36-BP: *F*=12.25, *P*\<0.001, *d*=0.62[‡](#tfn3-prom-9-049){ref-type="table-fn"}

  **T5**                                                                        Rolving et al[@b27-prom-9-049]     ITT                Wilcoxon rank-sum test\                                                                                                                                                                                                                 Unadjusted                                                                                                                                                                                           PO days 1--7                                                                              Median pain rating (0−10 NRS): NS\
                                                                                                                                      χ^2^ test                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              Rescue analgesic use: NS\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             **PO mobility on day 3**\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             Walk, *P*=0.02\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             Rise and sit from chair, *P*=0.0017\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             Get in and out of bed, *P*=0.0017

  **T6**                                                                        Rolving et al[@b26-prom-9-049]     ITT                Wilcoxon rank-sum test assessed between-group differences score changes during follow-up                                                                                                                                                Unadjusted                                                                                                                                                                                           Baseline (mean 42.5 days preoperative), 3 months, 6 months, and 1 year PO                 Disability (ODI): 3 months, *P*=0.003; 6 months, *P*=0.056; 1 year, *P*=0.082\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             Back pain: all time points, NS\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             Leg pain: all time points, NS
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Note:**

Effect size calculated by authors of this review.

**Abbreviations:** BDI, Beck Depression Inventory; BMI, body-mass index; BPI, Brief Pain Inventory; BPI-I, BPI -- interference; BPI-S, BPI -- severity; CAS-R, Control Attitudes Scale -- revised; DOS, date of surgery; CBT, cognitive behavioral therapy; CBPT, cognitive behavior-based physical therapy; ITT, intent to treat; NS, not significant; NRS, numeric rating scale; ODI, Oswestry Disability Index; PO, postoperative(ly); PSQI, Pittsburgh Sleep Quality Index; RM, repeated measures; SF-36-BP, Short Form 36 -- body pain; TUG, timed up-and-go; VAS, visual analog scale.
